Speech scientists have long known that speech perfection is a fiction. Everyday speech is complex, variable, and, ultimately, elusive. Although attempts have been made to test spoken-word recognition models with every day speech (e.g., Bard, Sotillo, Kelly, & Aylett, 2001; Kemps, Ernestus, Schreuder, & Baayen, 2004; McAllister, 1991; Mehta & Cutler, 1988) , such studies are in a minority. There are two main reasons for this. First, studying conversational speech, by definition, limits the amount of experimental control one has over the input. Studying laboratory speech maximizes such control-for better or for worse. Second, attempting to define the concept of conversational speech itself opens a can of worms, because speech styles vary along quasiorthogonal dimensions, such as spontaneity (e.g., read, rehearsed, unscripted), articulatory effort (e.g., hyper-articulated, hypo-articulated), situation (e.g., monologue, dialogue), source (e.g., healthy speaker, dysarthric speaker), and so forth. These speech styles differ in the extent to which they contain the quantity and quality of acoustic cues available in carefully articulated laboratory speech, such as vowel reduction or phoneme elision/ assimilation (cf. Duez, 1995; Hawkins, 2003; Hawkins & Smith, 2001; Tiffany, 1959; Uchanski, 2005) , which makes the selection of stimuli for perceptual experiments rather arbitrary. For these reasons, the investigation of spoken-word recognition has traditionally relied on either carefully articulated speech produced in the laboratory or (re)synthesized speech.
the degradation presents a challenge and limits success for the typical strategies that listeners deploy (Liss, 2007) .
Furthermore, many forms of naturally occurring degraded speech lend themselves to natural experiments (Bernstein & Weismer, 2000) because their symptomatology often aligns with (i.e., selectively affects) theoretically relevant constructs. Table 1 provides a synopsis of the main characteristics associated with several common forms of speech production disorders. These characteristics constitute a useful testing ground for theoretical constructs (Table 2 ). Liss's work on the lexical segmentation of dysarthric speech provides an example of how naturally occurring degraded speech can be used to test existing models and illuminate issues that have not previously arisen with laboratory speech (Liss, Spitzer, Caviness, Adler, & Edwards, 1998 . Specifically, the various types of prosodic degradation found in dysarthria (Table 1) are of great relevance for models that have emphasized the role of stress for lexical segmentation (e.g., Cutler & Norris, 1988) . If the hypotheses generated from laboratory degraded speech are valid, they should apply to naturally occurring degraded speech that varies on theoretically relevant dimensions. This was the case in Liss et al.'s (1998 Liss et al.'s ( , 2000 work. First, Liss et al. found that stress-based segmentation is robust: Listeners used stress to guide lexical segmentation even when key prosodic cues were attenuated by dysarthria. Second, some forms of prosodic degradation were more detrimental to stressbased segmentation than were others. This is of interest because, prior to these reports, studies evaluating differences in the application of stress-based strategies were largely cross-linguistic in focus, showing differences related to the rhythmic properties of the language (e.g., Vroomen & de Gelder, 1995; Vroomen, Tuomainen, & de Gelder, 1998) . Liss et al.'s (1998 Liss et al.'s ( , 2000 work showed that, for English speakers, the constellation of prosodic distortion in one type of dysarthric speech (hypokinetic) was less detrimental to the application of metrical segmentation than was that in another type (ataxic). Although the hypokinetic samples lacked in f 0 variation and were generally speeded, speech rhythm was largely preserved. The ataxic speech, in contrast, tended toward equal-and-even stress, a consequence of similar vowel durations in adjacent syllables. Thus, this comparative analysis of dysarthric speech allowed Liss et al. to highlight factors responsible for the success or failure of stress-based segmentation.
This observation led to a laboratory exercise using resynthesized unimpaired speech (Spitzer, Liss, & Mattys, 2007) , in which we examined the effects of reducing the primary acoustic cues of perceived syllabic stress ( f 0, duration, and vowel quality). This was accomplished by flattening f 0 across each phrase, equalizing all syllable durations within each phrase, and adjusting first and second formant frequencies to coincide with neutral vowel (schwa) values. The results provided support that f 0 variations and the presence of fully realized vowels are important in ascertaining stress. Indeed, when these cues were minimized, the pattern of lexical boundary errors only weakly adhered to Cutler and Norris's (1988) stress-based trary to the sequential activation claim, people listening to conversational speech often need to hear substantial portions of the speech following the offset of a word in order to cope with its hypoarticulated characteristics.
Laboratory-generated phenomena reflect what the speech perception system can do with highly constrained input. The extent to which these capabilities play a role in processing the range of natural speech that listeners encounter every day is less clear. The field as a whole has not been insensitive to the merit of studying less idealized forms of speech, but a majority of degradation techniques have produced stimuli that, again, are unlikely to be found in everyday life because they defy realistic articulation (e.g., stimuli used in a majority of restoration, adaptation, and segmentation studies). Broader degradations such as sine-wave and noise-vocoded speech suffer from similar ecological limitations. In sum, everyday speech distortion rarely occurs in the narrow forms implemented in the laboratory. Instead, it tends to be complex and multidimensional, and it usually occurs in constellations. This is where validation based on laboratory research should be sought.
Natural Oddities: What Can We Learn From the Perception of Naturally Occurring Degraded Speech?
Nearly all of the speech that listeners encounter daily is degraded in acoustic quality and quantity relative to that spoken clearly in a quiet environment. In this article, we focus on the degradation that is endogenous to the speaker. We use the term naturally occurring degraded speech to refer to unedited speech stimuli produced by individuals who, for whatever reason, produce speech that is degraded relative to the speech produced by healthy, native speakers (e.g., dysarthric speech, deaf speech, stuttered speech).
Upon first thought, naturally occurring degraded speech may seem to be a rare occurrence, and the processes that it mobilizes may therefore seem qualitatively different from those engaged in the perception of normal speech. However, the National Institutes of Health estimate that approximately 46 million individuals in the United States suffer from communication disorders-roughly 1 in every 6 people (NIH, 2007) . Dysarthria, in particular, is a key symptom of the most prevalent neurological disorders (Duffy, 2005) . Likewise, Parkinson's disease alone affects approximately 1 million Americans (Iaconi, Zimmerman, Kulkarni, & Balkrishnan, 2008) , and it is estimated that roughly 90% of these people demonstrate degraded speech symptoms (Logeman, Fisher, Boshes, & Blonsky, 1978) . Exposure to endogenously degraded speech is, thus, far from uncommon.
Any successful model of speech processing must ultimately be able to accommodate the full range and variety of speech distortion that listeners encounter, and it must be able to explain how and when distortion interferes with speech processing. We take the position that naturally occurring degraded speech, even in severe forms, does not necessarily require or elicit different perceptual processing strategies than does healthy, native speech, but rather that stimuli can improve our understanding of the effect of stimulus variability on spoken-word recognition.
The Present Experiment
Spoken words are better identified and recalled when they have been previously heard in the same voice than when they have been heard in a different voice (e.g., Mullennix, Pisoni, & Martin, 1989; Pisoni, 1993) -that is, when the indexical characteristics of the signal (e.g., rate, pitch, voice quality) are preserved across presentations. Voice-specificity effects have been used to argue that lexical representations retain a certain amount of idiosyncrasy from individual tokens, making episodic traces relevant information rather than noise (Goldinger, 1996 (Goldinger, , 1998 . However, these effects have also been varied as a function of tasks and stimulus quality. Luce, McLennan, and Charles-Luce (2003) argued that inconsistencies are best accounted for by differences in processing-time requirements (cf. McLennan & Luce, 2005) . According to this time-course hypothesis, the degree of reliance on instance-specific information is contingent on the speed with which a response is produced, with slow responses allowing retrieval of episodic traces to a greater extent than faster responses. segmentation hypothesis. Equalizing syllable duration had only a minimal effect.
The two studies described above-one with dysarthric speech, the other with resynthesized speech-converge in demonstrating the robustness of metrical segmentation in degraded conditions and further support the ecological validity of this process. Both also converge in demonstrating that some stress cues have a greater weight than others for segmentation. Of critical importance, however, is that the story told by the cue manipulations with resynthesized speech is insufficient to account for (or predict) the pattern of results elicited by the dysarthric speech. Specifically, the equalization of vowel durations, which might be considered the analogue to the equal-and-even duration disturbances in ataxic dysarthria, did not yield the expected decrements in lexical segmentation. Furthermore, the flattening of the f 0 was deleterious to the application of a metrical-stress-based strategy-an outcome not predicted by findings from the naturally occurring monotonous hypokinetic dysarthric speech. Thus, a greater insight into the mechanisms supporting natural speech recognition lies in the tandem exploration of natural and laboratory speech. Below, we further illustrate this point with a study showing how the mixed use of dysarthric and laboratory reported a history of speech or hearing difficulties. Participants were randomly assigned to one of three speech types (control, mild dysarthria, severe dysarthria), with n 5 24 in each group.
Materials and Design
Eighty monosyllabic words were chosen, all of which were recorded by six speakers: A man and a woman with no known speech impairment (control), a man and a woman with mild dysarthria, and a man and a woman with severe dysarthria (see the next section for further details). Each participant heard only one speech type (control, mild, or severe). The experiment involved two successive blocks of 60 words each. None of the words were repeated within a block. Half the stimuli in each block were produced in the female voice and the other half in the male voice. The 60 words in Block 1 were the same for all participants, although the voice in which they were heard was counterbalanced across participants. In Block 2, 40 out of the 60 words heard in Block 1 were presented again, half in the same voice, half in the other voice. Following Luce and Lyons (1998) , the same-voice stimuli in Block 2 were the same tokens as in Block 1. Which words in Block 2 were in the same or the different voice was counterbalanced across participants. The remaining 20 words in Block 2 had not been heard in Block 1. These were the same for all participants, with half of them in the male voice and half in the female voice.
Speakers and Recording Procedure
The words were recorded in the context of a larger investigation of the perception of dysarthric speech. Speech samples were collected in a sound-attenuated booth via a high-fidelity head-mounted microphone input to a laptop PC located outside the booth. The words were digitized at a 44.1-kHz sampling rate using a custom acquisition software program (TF32; Milenkovic, 2004 ). The word files were then edited, and 50 msec of silence was appended to the beginning and end of the words to avoid transition artifacts.
The four speakers with dysarthria were classified as mild or severe on the basis of the judgment of two certified speech-language pathologists. These professionals also confirmed that all four speakers with dysarthria exhibited patterns of speech consistent with a diagnosis of hyperkinetic dysarthria, resulting from intrusive, involuntary movements of the articulators and respiratory systems.
Dysarthric speech allows us to test this hypothesis in a straightforward way, since the degraded quality of dysarthric speech clearly puts the listener in suboptimal perceptual conditions. The following experiment compared voice-specificity effects in spoken words produced by healthy speakers and the same words produced by dysarthric individuals suffering from Huntington's disease (in a mild vs. severe form). The speech produced by the latter is categorized as hyperkinetic dysarthria, which is particularly well suited to a study of indexical specificity because of the generally peculiar speech pattern to which it gives rise and because of its idiosyncratic manifestation across productions (Darley, Aronson, & Brown, 1969) . Specificity effects were measured using a recall task similar to that used by Luce and Lyons (1998, Experiment 2) . Unimpaired listeners were presented with two blocks of words produced by one of three types of speakers: (1) control speakers, (2) speakers with mild dysarthria, and (3) speakers with severe dysarthria. In each of the two blocks, some words were in a male voice; others, in a female voice. The listeners' task was to decide whether the words in Block 2 had been presented in Block 1, regardless of the speaker's voice. A voice-specificity effect should manifest itself as better recall for words heard in the same voice than for words heard in a different voice. More critically, Luce et al.'s (2003) time-course hypothesis predicts that this effect should be larger in dysarthric than in control stimuli, because the former are likely to occasion a notable processing-time delay.
METhOD Participants
Seventy-two native speakers of American English received course credit or a small honorarium for taking part in the experiment. None The time-course hypothesis was further confirmed in analyses performed separately on slow and fast respondents. Listeners were categorized as slow or fast within their impairment group on the basis of a median split of their average response latencies (n 5 12 for each subgroup). As can be seen in Figure 2 , the voice effect pattern showed a marked contrast for the two subgroups. Whereas fast respondents showed no effect of voice [F(1,901 
Testing Procedure
Participants were told that the experiment consisted of two blocks of stimuli and that, in Block 1, they would hear a series of words and would simply have to pay attention to them. After each word, the participants pressed the space bar to play the next word. The task for Block 2 was not disclosed until the end of Block 1. For Block 2, participants were instructed to decide whether each word in Block 2 had been played in Block 1, ignoring voice differences. They gave their responses by pressing one of two keys labeled new and old. Both accuracy and speed were emphasized. To estimate the intelligibility of the words in the mild-and severe-impairment conditions, participants in those two conditions were administered a word transcription test at the end of Block 2. For that test, the words produced by the male and female speakers of the relevant impairment condition were randomized and played one at a time. Using a computer keyboard, the participants had up to 8 sec to type in a transcription for each word.
RESuLTS

Main Patterns
The word transcription data showed that average intelligibility in the mild and severe conditions was 62% and 26%, respectively, which confirmed the appropriateness of the initial categorization. Response latencies to the words in Block 2 were measured from the onset of the spoken words. Only responses to words repeated across blocks (the old words) were analyzed. Incorrect responses were discarded. Because the distribution of latencies had a substantial positive skew (1.64), a logarithmic transformation was applied and latencies 2.5 standard deviations away from the mean were removed.
Taken together, the data showed a voice-specificity effect increasing with the level of impairment (see Figure 1) . A generalized multilevel linear regression analysis run on the percentage of recall errors, with participants and items as random factors and impairment (control, mild, severe) and voice (same vs. different) as fixed factors, showed an effect of impairment [F(2,2874) The impairment effect resulted mainly from an accuracy decrement in the different-voice condition [F(2,1437) 5 17.00, p , .001]. When the voice was the same, accuracy remained relatively high across impairment conditions [F(2,1437) , 1], which suggests that tolerance to degraded speech can be substantially counteracted by voice constancy, possibly because of similarity in fine acoustic detail and the absence of a need for voice normalization.
We ran a similar multilevel analysis on response latency, with word duration as a covariate to ensure that any difference between dysarthric and nondysarthric conditions could not simply be attributed to differences in speech performance of the participants in the mild and severe dysarthric groups, restricting our data set to the words correctly identified by these participants in the intelligibility test. Thus, latencies were measured only for the words in Block 2 that (1) were correctly identified in the intelligibility test-or showed identical transcriptions between the male and female voices-and (2) were correctly recalled in Block 2. Accuracy was calculated as the percentage of correctly recalled words among the correctly identified words. Despite the strict intelligibility criterion, an analysis run on the two dysarthric groups still showed a main voice effect [accuracy, F(1,572) (F , 1 for both accuracy and latency) . Thus, the emergence of a voice effect in the groups presented with dysarthric stimuli cannot be reduced to incomplete or incorrect encoding. Instead, listeners challenged by dysarthric speech called upon episodic details of words to a greater extent than did listeners processing undegraded stimuli.
DiSCuSSiON
The use of dysarthric speech alongside unimpaired speech allowed us to examine the effect of indexical variability on spoken-word recognition from a new perspective. Using naturally degraded stimuli, we provided confirmatory evidence for the ecological validity of Luce et al.'s (2003) time-course hypothesis without varying either the task or the content of the stimuli, and without artificial alterations to the stimuli. The data showed that the slower responses occasioned by processing dysarthric speech were accompanied with greater reliance on surface details of the stimuli. This pattern held even when intelligibility was controlled, which is particularly relevant to the time-course hypothesis, which posits time, rather than processing effort, as the cause of specificity effects, with activation confined to abstract representations in an early stage and spreading to episodic traces later on. The fact that intelligibility was not fundamentally at the root of the interaction between impairment (control vs. dysarthric) and voice-specificity effects also highlights the need to consider a range of qualitatively different speech styles when modeling psycholinguistic effects. One prediction from the present data is that speakers whose phonation or voice quality departs from average are likely to elicit response patterns similar to those observed in our dysarthric conditions. This experiment not only has relevance for the ongoing debate about the interface between lexical access and the structure of the lexicon, but also illustrates how normal and naturally occurring degraded speech can be used in combination to address general questions about spokenword recognition. In this case, the use of dysarthric stimuli allowed us to put controlled, yet natural, pressure on the system and observe the coping mechanisms used by the listeners as a response. Thus, as in the experiments on speech segmentation described earlier (Liss et al., 1998, [F(1,251) 5 4.52, p , .05]. Thus, the increased reliance on voice specificity for the slower responses to dysarthric speech is consistent with Luce et al.'s (2003) time-course hypothesis: Under good processing conditions, when responses are fast, the retrieval of stimulus idiosyncrasies is minimal. When input quality is poor, and responses are slower, similarity in the surface characteristics of the stimuli proves a helpful aid to recalling.
Dysarthria, intelligibility, and Voice-Specificity Effects
The well-documented reduced intelligibility of dysarthric speech (Yorkston, Strand, & Kennedy, 1996) gives us the opportunity to tease apart the contributions of intelligibility and that of simple signal degradation to the recruitment of indexical details for lexical recognition. Specifically, the emergence of a voice effect at slow response latencies (i.e., the time-course hypothesis) could result not so much from longer processing time per se as from low intelligibility-of which longer latencies would only be a consequence. An explanation solely in terms of intelligibility must be ruled out, however. Indeed, the size of the voice effect, measured for each listener in the mild and severe groups (n 5 48), did not correlate with the listeners' intelligibility scores (r 5 2.14, p 5 .34), but it did with the listeners' average response latencies (r 5 .42, p 5 .003). This correlation remained strong when intelligibility was controlled via partial correlation (r 5 .40, p 5 .005). Thus, regardless of their intelligibility scores, the slower the respondents, the larger their voice effect.
In an attempt to partial out intelligibility more directly, we investigated the possibility that participants' poor performance in the different-voice dysarthric conditions resulted from their inability to identify the words in Block 2 as instances of the same words as those in Block 1. The words played in the same voice could have been responded to correctly via a simple acoustic match, bypassing lexical recognition. To test this possibility, we reanalyzed the ridical outliers afforded by dysarthrias are a rich testing ground for evaluating the capacities of the speech system under natural stress-a situation far from uncommon in conversational speech. By focusing research attention on the intersection between perceptual success and failure secondary to natural degradation, we magnify the details of typical perceptual processes. These details and the hypotheses that they generate can then be further explored in the laboratory. The tandem consideration of natural and laboratory speech can inform the ecological validity of speech-recognition models better than can the consideration of either speech type alone. Thus, naturally occurring degraded speech should be seen not as a special or unusual case of normal speech processing but, rather, as one of the many (natural) instances of speech that our processor is likely to encounter, and hence, as providing an opportunity for testing the robustness of current models and revealing phenomena that might not emerge as clearly within the highly controlled constraints of laboratory speech.
2000), naturally occurring degraded speech can act as a magnifying glass for patterns that would otherwise be difficult to highlight with laboratory speech or would require artificial distortions.
CONCLuSiON
The goal of this article was to draw attention to and advocate the use of relatively unexplored speaker populations and empirical designs blending clinical and healthy speech for addressing fundamental questions about speech recognition. The merging of basic speech science and communication disorders has been promoted before: As Bernstein and Weismer (2000) have pointed out, "Work restricted to nonclinical populations can lull us into thinking that we know more than we do. Communication sciences can benefit from regarding data from disordered speakers and listeners as having the same value as data from normal speakers and listeners in the development of models and theories" (p. 231). On the basis of our own previous and present data, we have put this tenet into practice in the domain of spoken-word recognition. Specifically, our proposal is that naturally occurring degraded speech, and clinical speech disorders in particular, are a rich source of information for modeling normal speech recognition because naturally occurring degraded speech is encountered by listeners in everyday communication.
One could argue that naturally occurring degraded speech such as dysarthria has too many covarying features (i.e., extraneous to the primary variable of interest) to be of interpretive use. Dysarthric speech is indeed often accompanied by differences in delivery rate relative to healthy speech, and it can reveal atypical patterns at multiple levels simultaneously (e.g., subsegmental, segmental, and suprasegmental). However, the effects of such "confounded" factors and how they interact with the variables under study can in fact be profitably exploited in multidimensional analyses, which are notoriously effective at capturing the core components of natural data sets. Furthermore, many naturally occurring forms of degraded speech exhibit well-documented nonoverlapping constellations of articulatory features that have relevance for key theoretical constructs. Great interpretive power can be achieved by directly comparing contrastive degradations (e.g., hypokinetic vs. ataxic dysarthria; cf. Liss et al., 2000) . More generally, however, we argue that the multidimensional nature of naturally occurring degraded speech is often a better reflection of the complexity of everyday healthy speech, or at least of the mechanisms engaged in the processing of healthy speech, than are many laboratory manipulations.
We do not claim that atypical speech should be approached as a proxy for conversational speech or that its experimental investigation surpasses or negates the benefits of that of laboratory speech. Rather, our claim is that the investigation of naturally occurring degraded speech coupled with mirror experimentation on laboratory speech can reveal some aspects of everyday speech processing that are difficult to measure with either approach in isolation. As illustrated in this article, the ve-
